We report 17 patients with dissecting aneurysm of the vertebral artery (VA) (direct surgery, n=2; interventional surgery, n=8). The other seven patients were treated by ligation of the VA proximal to the aneurysm (direct surgery, n=6; interventional surgery, n=l 
Introduction
Generally, proximal vertebral artery (VA) clipping is a widely accepted surgical treatment ofVA dissecting aneurysms 1-3. The technique of proximal occlusion, in which coils or balloons are used, was developed as an endovascular treatment for dissecting aneurysms 4,5. The results were generally excellent, although postoperative rebleeding or enlargement in aneurysmal size have been reported after only proximal occlusion 6-9. When we consider the treatment of patients with VA dissecting aneurysm, our aim is to trap the aneurysm to prevent its enlargement or rebleeding. We now discuss our experience with VA dissecting aneurysms which were treated by direct surgery or endovascular surgery.
Material and Methods
Between 1995 and 2000, 17 patients with VA dissecting aneurysm were treated by direct-or interventional surgery. They were 11 males and six females, ranging in age from 27 to 69 years (mean 49.6 years). Eight patients presented with subarachnoid hemorrhage (SAH) and nine with ischemia. The SAH patients were treated 7 to 28 days after SAH; one patient was treated within 14 days, and seven patients were treated more than 14 days after SAH. At the time of treatment, six patients had been assigned Hunt and Hess Grade I, two had Grade n. All of the SAH patients were treated when they were in relatively good condition; treatment was delayed because the referring hospi- tal had a policy of delaying treatment for V A dissecting aneurysms. The patients with ischemia were treated when repeat angiograms showed enlargement of the aneurysm or when clinical symptoms became exacerbated.
Diagnostic, high-magnification cerebral angiograms and rapid-sequence digital subtraction angiograms (DSA) were obtained to determine aneurysmal size and shape, and the relationship of the aneurysm to the posterior inferior cerebellar artery (PICA). When the dissection involved the dominant VA or equal size comparing to the contralateral VA, we performed test occlusion using a nondetachable silicone balloon (Equinox, Micro Therapeutics, Inc., Irvine, CA). The occlusion site was placed adjacent or just proximal to the dissecting site. The balloon was inflated with contrast medium to create an arterial occlusion and the patient was monitored for 20-30 min and neurological findings were recorded. In these procedures, the contralateral VA was studied to evaluate collateral flow from the contralateral V A and to detect retrograde filling of the aneurysm. If we determine that occlusion of the VA is necessary and there is retrograde filling of the dissecting site from the contralateral VA, we at-Y Kai tempted to perform VA occlusion by trapping on the both sides of the dissecting aneurysm. Patients who tolerate balloon occlusion can be treated by sacrifice the VA without bypass. When occlusion of the VA was necessary in patients who did not tolerate occlusion, a bypass between the proximal VA and the ipsilateral posterior cerebral artery (PCA) was performed using arterial graft.
Between 1995 and 1996, we treated patients with VA dissecting aneurysm by direct surgery to the aneurysm. After 1997, we used Guglielmi detachable coils (GDCs); after the balloon occlusion test we usually occluded of VA either both side of aneurysm or proximal to the aneurysm using these coils. Patients who required bypass surgery or reconstruction of the PICA upon VA occlusion were treated in the operating room by direct surgery.
After trapping of aneurysm or proximal occlusion of the VA dissecting aneurysm, systemic anticoagulation was achieved by administering an intravenous continuous injection of antithrombin agents to prevent embolic events. All patients underwent close neurological evaluation in the intensive care unit. Postoperative angiograms obtained 2 to 3 days after the surgical treatment were examined to confirm occlusion of the dissecting site. Antiplatelet agents (ticlopidine or aspirin) were administrated for at least 3 months following the operation.
Results
Of the 17 dissecting aneurysms, 9 were on the right side, and the other were on the left. The V A dissections were classified into 3 groups according to their location: dissections proximal to the PICA (n=12), those apparently involving to the PICA (n=2) , and those distal to the PICA (n=3) (figure 1). Angiograms of the contralateral VA were available in all patients. In 4 patients, the V A contralateral to the affected VA was dominant. In 3 patients the affected VA was dominant, and in 10 patients it was of the same diameter as the contralateral VA. These 13 patients underwent preoperative VA occlusion test and all of them tolerated the occlusion well. Retrograde filling to the dissecting site from contralateral VA flow was recognized in 5 patients.
Direct surgery was performed in 3 of 8 pa-
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Coil trapping (2) Coil trapping (3) tients with SAH and in 5 of 9 patients who did not manifest SAH. Surgical techniques included proximal clipping only (n=5), trapping (n=1), trapping with PICA transposition (n=1) and proximal clipping with PICA interposition (n=1). On the other hands, in 5 of the 8 SAH patients and 4 of the 9 non-SAH patients we used the interventional technique consisting of C r transient lower cranial nerve palsy; these complications completely disappeared after one month. None of the patients who had undergone interventional surgery manifested postoperative complications. Angiograms showed complete obliteration of the dissecting aneurysm immediately after treatment. In 3 of 5 patients with retrograde filling from the contralateral VA, the dissecting site also disappeared after only proximal clipping. After treatment, these 15 patients were able to resume their preoperative lives and experienced no re bleeding or re growth of the aneurysm during follow up period on average 2.4 years.
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only proximal coiling (n=l) and trapping or complete embolization of the dissecting site (n=8) (figure 2) .
Good results were obtained in 15 patients; they manifested complete angiographic obliteration of the dissecting aneurysm. Two patients who had undergone direct surgery experienced Two patients in this series experienced major complications. One was a 56-year-old male with SAH. He underwent direct surgery consisting of proximal occlusion of the left V A. Although his state of consciousness was normal after the operation, paraparesis was recognized due to obstruction of the anterior spinal artery. The other patient was a 61-year-old male with SAH. His angiogram showed a left V A dissecting aneurysm extending distally to the origin of the left PICA. Although he tolerated the occlusion test, the aneurysm enlarged just after deflation of the test balloon. Therefore, we concluded that it was dangerous to pass the microcatheter beyond the dissecting site and performed only proximal occlusion of the left VA using GDCs. Postoperative angiogram demonstrated persistent retrograde filling of the left VA; the dissecting site was not visualized. Six days after the interventional surgery, he suddenly became comatose. There was CT evidence of a SAH. On cerebral angiograms the left VA was occluded at the level of the coil placement, but the dissecting site was well opacified through the right VA ( figure  3 ). We strongly suspected rebleeding from the dissecting aneurysm. The patient remained comatose and died on the 12th day after embolization. Autopsy was not performed. In both of these patients with major complications, retrograde filling of the dissecting aneurysm from contralateral VA was recognized at occlusion test.
Discussion
VA dissecting aneurysms are increasingly recognized as a source of ischemia and SAH 3. In rare cases, these lesions present with signs and symptoms of an intracranial mass effect 10. Rebleeding in V A dissecting aneurysms occurs in 24% to 30% of patients and is often fatal 3.ll. Although ischemic attacks are usually treated conservatively, SAH or progressive symptoms require more direct. Most previous reported cases of VA dissecting aneurysms were treated by proximal occlusion of the VA 1.2.9 . Results were generally excellent, however, postoperative rebleeding or enlargement of the aneurysm did occur in some patients 6-9 . Therefore, we treat VA dissecting aneurysms by trapping the lesion; this ensures obliteration of the dissecting site.
In our series of 17 patients with VA dissecting aneurysms, 8 underwent direct surgery; in only 2 was trapping performed. On the other hands, of 9 patients who received interventional treatment, trapping was performed in 8 cases. Direct surgery dose not lend itself to trapping because the VA dissecting aneurysms are sometimes located near the midline and a deeper operative field is required than for proximal clipping. For trapping VA dissecting aneurysms, interventional surgery was easier than direct surgery. Moreover, fewer complications arise after interventional surgery because, Interventional N euroradiology 7 (Suppl1): [155] [156] [157] [158] [159] [160] 2001 unlike direct surgery, it dose not require the retraction of important structures. In our series of 17 patients, 2 experienced transient complications; both of them had undergone direct surgery. Although trapping V A dissecting aneurysms by interventional surgery is relatively easy and safe, some points deserve special attention. The microcatheter must be advanced through the dissection site; aneurysmal rupture will result if it is placed into the false lumen.
We use the roadmap method to assure correct placement of the micro catheter in the true lumen 12 . In cases where the PICA is involved in the VA dissecting aneurysm, interventional surgery cannot be used because it does not allow trapping of the aneurysm.
Also, proximal coiling alone does not stop retrograde flow from the contralateral VA into the preserved PICA. Therefore, under these conditions, direct surgery with PICA reconstruction is necessary. In 2 of our patients, trapping or proximal clipping of the VA with PICA interposition was successful. Major post-treatment complications occurred in 2 patients. One experienced paraparesis due to obstruction of the anterior spinal artery, the other suffered rebleeding from the dissecting aneurysm. Both cases manifested retrograde filling to the dissecting site from the contralateral VA, and in both we performed only proximal occlusion of the VA because of considerations described below.
Rebleeding after treatment for VA dissecting aneurysms is not a rare event 6-9. In previously reported cases, only proximal VA occlusion by clipping or coiling had been performed and post-treatment angiograms demonstrated retrograde filling of the dissecting site. This may retard thrombosis and organization of the dissected lumen and may result in postoperative rebleeding or enlargement of the dissecting aneurysm. When proximal ligation alone, instead of trapping, is performed, it is desirable to obtain a postoperative angiogram early to confirm that the false lumen of the dissecting aneurysm has disappeared. If there is persistent retrograde filling to the dissecting site, additional distal clipping may be necessary to obstruct the aneurysm completely.
Our experience is limited to only 17 cases and the follow-up periods are short. Despite this, we emphasize that treatment of VA dissecting aneurysm should aim at completely oc-eluding the dissecting site. We strongly believe that this is currently one of best management options for dealing with VA dissecting aneurysms. In the future, we plan to use preoperative serial angiograms and/or MRI to detect the precise entry or re entry of the dissecting aneurysm.
